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0 Placement optimization system aided by CAD. 

© There is provided a placement optimization system for determining l ayout in printed circuits and semicon- 
ductor substrate s, comprising input means (1) .for inputting circuit connectiSnTnformation, placement optimization 
means (2) for deriving wiring density distribution on the basis of the circuit connection information, evaluating the 
height and/or width of the wiring region statistically estimated from the wiring density distribution, and output 
means (3) for outputting the resultant placement position informatiocu-Eurther, the placement optimization system 
may comprise, means (6) for collecting placement elements into/sets^ determining placement of the sets^ then 
developing the sets into elements, and determining optimum placement positions of the elements. 



1IST AVAILABLE COPY 



EP 0 431 532 A2 



PLACEMENT OPTIMIZATION SYSTEM AIDED BY CAD 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a placement optimization system aided by CAD (computer aided 
5 design) for determining layout in a printed circuit board or a semiconductor substrate. 

Description of the Related Art 

A layout design system for printed circuit board or semiconductor substrate is realized typically by 
10 determining .placement of elements to be mounted so as to make the area after layout small as far as 
possible and interconnecting those placement elements. 

In determining positions of placement elements to be handled, there has been conventionally used a 
method of defining the estimated total wiring length and distribution of interconnecting wiring as items to be 
evaluated and of improving placement so as to minimize an evaluation function value calculated by using an 
15 evaluation function formed by combining the above described items. Items such as the estimated total 
wiring length among placement elements and wiring distribution are thus defined as component items of the 
placement evaluation function on the basis of the assumption that minimizing those values results- in a 
minimized area of the final layout result. 

Although there is correlation between the estimated toHal wiring length and the final area, for example, 
>20 however, the correlation is not necessarily satisfied at allttimes. Even if the evaluation function value is 
minimum, the area is not minimum in some results. Further, distribution of interconnection . wiring is 
detected by evaluating the area indirectly by means .of a simple accumulator, the result of minimum area 
cannot be obtained accurately. Further, since a plurality of utems which do not directly represent object 
properties are ^combined to perform evaluation, valid coefficients for determining evaluation weights of 
25 respective items change with the scale and characteristics of he circuit to be handled. In order to obtain a 
set of weight coefficients which become optimum with respoct to the subject circuit, it is necessary to 
determine the set of coefficients by means of laborious experiments or experience. 

afcgjf ^ 

The present invention solves problems of a conventional dlac/ment optimization technique for determin- 
ing optimum placement positions of placemenVBlelrients fey forming an' evaluation function of items 
(Ul representing the estimated total wiring length j(nd_ dispersion of wiring passage and by minimizing the 

evaluation function value calculated by using the above described evaluation function. That is to say, an 
35 object of the present invention is to provide a placement optimization system aided by CAD capable of 
saving labor for deriving the optimum value of the evaluation function with respect to circuits of all scales 
and capable of yielding placement results with a better quality. 

Therefore, a placement optimization system aided by CAD of the present invention comprises input 
means for inputting circuit connection information including a plurality of placement elements, placement 
40 . optimization means for optimizing placement positions of placement elements by evaluating the height of a 
wiring region statistically approximated from the distributio n of the degree of wiring crowdedness , which is 
set on the basis of the above described circuit connection information, and by performing repetitive 
improvement, and output means for outputting placement position information derived by the above 
des cribed placement optimization means. 
45 In the placement optimization system aided by CAD according to the present invention, the placement 

2- optimization means preferabl y comprises placement element collection means for collecting a plurality of 
placement elements having close connection relations, in circuit connection information into a plurality of 
placement element sets, the sets having equal areag ,( modeling means for modeling placement element 
sets and. wiring reaion lattices d erived, by the above described placement element collection means into 
so lattice-like models, [placement element set placement optimization means for determining optimum place- 
ment positions in lattice-like models of all placement- element sets by repeating placement improvement on 
the basis of connection information between the above described placement element sets, and set 
development means for opening the above described plurality of placement element sets and for determin- 
ing placement positions of all placement elements forming respective placement element sets. 

In order to achieve the above described object and optimize the placement positions of the above 
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described placement elements in a circuit including mutually related placement elements, a placement 
optimization system aided by CAD according to a second aspect of the present invention comprises input 
means for inputting circuit connection information including a plurality of placement elements and shape 
information of the above described placement elements, initial placement means for initially placing the 
above described placement elements, placement alteration means for moving and interchanging the above 
described placement elements and for locally altering the placement positions, final area estimation means 
for calculating, on the basis of a placement state at each time of placement alteration, the area of the final 
layout result expected in the above described placement state and defining the calculated area as an 
evaluation function value, alteration condition jugment means for evaluating the difference between the 
above described evaluation function value calculated by the above described final area estimation means 
before the above described placement alteration and that after the above described placement alteration 
and thereby judging satisfaction of a given placement alteration condition; 

placement alteration cancel means responsive to nonsatisfaction of the above described alteration 
condition in the above described alteration condition judgment means to cancel the above described 
placement alteration and restore the placement state and the evaluation function value to the state before 
the above described placement alteration, |and end condition judgment means forjudging satisfaction of a 
given end condition, said end condition judgment means being responsive to satisfaction of the end 
condition to cause processing advancement to output means for outputting placement position information 
of the above described placement elements and responsive to nonsatisfaction of the end condition to cause 

return to the above described placement alteration means. m 

In order to optimize the placement position of the above described placement element in a circuit 
including mutually related placement elements, a placement optimization system aided by CAD for 
achieving the above described object according to a third aspect of the present invention comprises input 
means for inputting circuit connection information including a plurality of placement elements and shape 
information of the above described placement elements, placement element collection means for generating 
placement element sets by collecting placement elements having close connection relations in the above 
described circuit connection information so as to make areas of resultant sets nearly equal each other, for 
defining the resultant placement element sets as new placement elements, for generating circuit connection 
information relating to the above described placement element sets, and for defining the circuit connection 
information as new circuit connection information, modeling means for assigning placement elements to 
placement region lattices of a lattice model including placement region lattices and wiring region lattices, 
placement alteration means for interchanging placement elements on the lattice model to perform local 
placement interchange, final area estimation means for calculating, on the basis of the placement state at 
each time of execution of placement alteration, the area of a final layout result expected in the above 
described placement state and for defining the area thus calculated as an evaluation function value, 
alteration condition jugment means for evaluating the difference between the above described evaluation 
function value calculated by the above described final area estimation means before the above described 
placement alteration and that after the above described placement alteration and forjudging, on the basis of 
the result of the difference evaluation, necessity of placement alteration, placement alteration cancel means 
responsive to nonsatisfaction of the above described alteration condition in the above described alteration 
condition judgment means to cancel the above described placement alteration and restore the placement 
state and the evaluation function value to the state before the above described placement alteration, end 
condition judgment means for judging satisfaction of an end condition, said end condition judgment means 
being responsive to satisfaction of the end condition to cause advancement to succeeding processing and 
responsive to nonsatisfaction of the end condition to cause, return to the above described placement 
alteration means, placement element set development means for opening all placement element sets 
assigned to respective placement region lattices of the above described lattice model and for determining 
placement positions of all placement elements at the time of input included in each placement element set, 
and output means for outputting placement position information. 

In accordance with the first aspect of the present invention, the height of the wiring region statisticaTT^^ 
approximated from the distribution of the degree of wiring crowdedness. which is set on the basis of circuit 
connection information, is evaluated. Therefore, the labor of defining optimum values of a plurality of 
confidents included in the evaluation function with respect to the circuit scal e can be saved and in 
addition, it is possible to optimize placement by evaluating the height directly relating to an area~which is 
the original object. 

In accordance with the second aspect of the present invention, the area of the final layout is estimated 
and defined as the evaluation function value, and placement improvement is so performed that the above 
described evaluation function value may be minimized. As a result, it is possible, to determine such 
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placement positions of placement elements as to minimize the final area while directly evaluating the area 
of the finaJ layout and by evaluating a single item, Le., area. In the conventional evaluation function, 
therefore, the labor of determining optimum values of a plurality of coefficients included in the. evaluation 
function for determining the evaluation weights of each of a plurality of items having different properties with 
respect to the circuit scale can be saved. 

In accordance with the third aspect of the present invention, placement elements having dose 
connection relationship are collected into sets on the basis of circuit connection information so that sums of 
areas of all placement elements included in respective placement element sets may become equal, and 
placement improvement is performed on a lattice model by using the above described placement element 
sets as new placement elements. Therefore; the number of placement element which is the subject of 
placement improvement can be decreased. Further, at the time of placement alteration, the computer cost 
caused by interchanging placement elements having different widths can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

is a block diagram illustrating the configuration of a placement optimization 
system aided by CAD according to a first embodiment of the present invention; 
are diagrams illustrating an evaluation method used in the placement optimiz- 
ation means of this embodiment; 

is a block diagram showing the concrete configuration of the placement 
optimization means; 

are diagrams illustrating the processing of modeling means; 
are diagrams illustrating the processing of rectangle generation; 
is a flow chart illustrating the processing flow of a placement optimization 
system in a second embodiment of the present invention; 
is a diagram illustrating another example of processing flow in a placement 
optimization system of the present embodiment; 

is a diagram illustrating the principle of a method for determining the shape of 
wiring path and expectation of wiring density in wiring path optimization means 
of the present embodiment; 

are diagrams showing wiring path patterns in the case where the number of 
placement elements to be connected is two; 

are diagrams showing wiring path patterns in the case where the number of 
placement elements to be connected is three; 

is a diagram illustrating a wiring path pattern in the case where the number of 
placement elements to be connected is not less than four; 

aire diagrams illustrating the method for setting a wiring density in wiring 
density setting means of the present second embodiment; 
is a diagram illustrating a method for estimating the height of a wiring region in 
wiring region height estimation means of the present embodiment; 
are diagrams illustrating processing performed in final width estimation means 
of the present embodiment; 

is a diagram illustrating the processing flow of a placement optimization system 
in a third embodiment of the present invention; and 

is a diagram illustrating processing in placement element set development 
means of the present embodiment. 
PREFERRED EMBODIMENTS . 

Configuration (processing flow) of a placement optimization system aided by CAD in an embodiment 
according to a first aspect of the present invention is shown in Fig. 1. The placement optimization system 
aided by this CAD comprises input means 1, placement optimization means 2 and output means 3. 

In this placement optimization system aided by this CAD, circuit connection information representing 
circuit connection relations among a plurality of circuit elements to be disposed, i.e., a plurality of 
placement elements is first taken into the system by the input means 1. In the placement optimization 
means 2, placement positions of a plurality of placement elements are then determined by performing 
repeated improvement while evaluating the height of a wiring region, which is the measure of wiring overlap, 
statistically approximated from the distribution of the degree of wiring crowdedness, which is set on the 
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Figs. 2, 3 and 4 
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Fig. 11 

Fig. 12 
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basis of the circuit connection information. Finally, placement position information is outputted by the output 
means 3. 

Table 1 shows an example of circuit connection information inputted by the input means 1. 

Table 1 
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Circuit connection information 



Nl 


: P 


KEl) , 


P 6(E3) 


N2 


: P 


2 (El) , 


P 8(E3), 


N3 


: P. 


3 (El) , 


P14 (E5) 


N4 


: P 


4 (E2) , 


P10 (E4). 


N5 : 


: P 


5 (E2) > 


P 7(E3) 


N6 : 


: P12(E4), 


P15 (E5) 


N7 : 


: P 


9 (E3) , 


P1KE4) , 



P13 (E4) 



25 



30 



35 



With reference to Table 1. N1 to N7 denote nets and.EI to E5 denote placement elements. P1 to P16 
denote terminals belonging to the placement elements E1 to E5. By nets N1 to N7 shown at the leftmost 
end, terminals P1 to P1 6 shown on the right side are connected. Characters enclosed in parentheses 
represent placement elements E1 to E5 whereto terminals P1 to P16 belong. 

Fig. 2 shows an example of placement wiring result satisfying the circuit connection information shown 
in Table >. For brevity, however, the placement elements E1 to E5 are herein arranged in a lateral row. 

Fig. 3 shows distribution of the degree of wiring crowdedness on the terminals P1 to P16 in the 
placement wiring result illustrated in Fig. 2. A solid line ul represents the average value of degree of wiring 
crowdedness. 

Fig. 4 shows an ideal diagram of a frequency curve as a function of degree of wiring crowdedness. For 
a large-scale problem, it is considered that the frequency distribution becomes the nornn al distribut ion as 
shown in Fig. 4. In Fig. 4,ji represents the average value of the degree of wiring crowdedness, and^a 
represents the standard deviation value of the degree of wiring crowdedness. When coefficient^ of the 
standard deviation value a of the degree of wiring crowdedness is an arbitrary value, distribution X 
represented by a shaded portion indicates the region of distribution of x satisfying the following"relatioh. 



40 



\i + ua 



(1) 



45 



50 



As shown in Fig. 4, the shaded portion X contains distribution of 84.2% when the coefficient u has a value of 
1. When the coefficient u has a value of 2, X contajns distribution of 97.7%. When the coefficient u has a 
valua^pi^X-contains distribution of 99.9%. 

Herein^ represents the height of the wiring Region and it is an evaluation item directly relating to area 
minTmtzaTIon which is the original object of the placement optimization system aided by CAD. 

The evaluation function of the placement optimization system used in this CAD will hereafter be 
described. 
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Xj = <C j > + u • <C j 2 > - <C j > 2 ..... (5) 



40 



H — X X-j • ' 

= 2 (<C j > + u - <c j 2> " <Cj> 2 ) (6) 

Here, X \ represents the height . of a wiring region in a J-trv wiring region row statistically approximated. Cy 
so represents the degree of wiring crowdedness in an i-th wiring region of a j-th wiring region row, and C maK j 
represents the number of evaluation axes of the degree of wiring crowdedness in a j-th wiring region. 

Character U], i.e., <Cj> represents the average value of the degree C,j of wiring crowdedness in the j-th 
wiring region row, and a ] represents the standard deviation value thereof. 

The height X \ of this, wiring region depends upon the maximum value of the degree Cy of wiring 
55 crowdedness in each wiring region. For statistical handling, however, the height X \ is approximated by 
equation (2). 

The average value u.j and the st andard dev ia tion value a } of the degree Cy of wiring crowdedness in the 
j-th wiring region row depend upon the placement state at each point of time, and they are derived by 
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calculation according to equations (3) and (4). 

Equation (5) represents the height xj of the j-th wiring region row. By adjusting the coefficient u, it is 
possible to determine what proportion of distribution of the degree Cy of wiring crowdedness is contained 
by the height approximating Xj- Equation (6) represents the evaluation function value H which is the sum of 
5 heights xj of all wiring, region rows in case a plurality of wiring region rows are arranged longitudinally . 

In this placement optimization system aided by CAD, positions of two placement element s arbitrarily 
selected^ are i nterchanged to generate a new placement state. The evaluation function value H B before" 
placement interchange and the evaluation function value H A after placement interchange are then derived 
by using equation (6). Those evaluation function values H B and H A are compared. It is judged whether an 
w interchange condition is satisfied or not. That is to say, it is judged whether the evaluation function value H A 
after placement interchange is smaller than the evaluation function value H B before placement interchange 
or not. If H A is smaller than H B( the placement state after placement interchange is defined as a new 
placement state. If H A is larger than H B , the placement state before placement interchange is restored. 

This placement interchange and evaluation, of the evaluation function value H are repeated until the 
15 placement improvement is unrecognizable a predetermined number of times. As a result, placement 
positions are determined. It is thus possible to obtain placement positions resulting from statistically 
approximating and evaluating the height of the wiring region which exerts a direct influence upon the area. 

In accordance with the placement optimization system aided by CAD of the present invention, an 
evaluation function used in evaluating the placement improvement comprises terms of the average value 
20 and standard deviation value representing the height of the wiring region statistically approximated from the 
distribution of the degrees of wiring crowdedness in wiring regions. This evaluation function evaluates the 
height of the wiring region whereon the area which is the original object function depends. As a result, the 
labor of determining the optimum combination of weight functions of evaluation functions with respect to the 

c ircuit scale ca n be saved. _ 

~25 "Tig. T shows an example of concreteCco^^atioryof the placement optimization means 2 in the 
present invention^jipjD^ element collection means 4 collects a 

plurality of ^jaceraent_.eJenoenS having close connection relations caused by wiring into a plurality of 
placement elementjsets] having nearly equivalent areas and generates placement element set information 
representing the configuration of a plurality of placement element sets. 
, ao l n_this cas e, the above described placement element collection means 4 defines one placement 
element connected to wiring having two terminals as an element of the placement element set, takes 
another placement element c^hTte^tecTto'^^ of the placement element set via the wiring having 

two terminals into the placement element set, and calculates the sgnrvof widthsjcjpla£ejrjent_ejejn^nts. This 
processing is repeated. When the sum of widths of all elements included in the placement element set now 
35 under generation exceeds a specified placement element set width , generation of the placement element 
set is completed and generation of a succeeding placement element set is started. Until all placement 
elements are assigned to any placement element sets, these processing operations are conducted to 
generate placement element sets . 
~~7Ql placement element sets generated by the above described placement element collection means 4 
40 are assigned to lattice elem ent oMhe lattic e -like mod el in bne-to-one correspondence by modeling means 
5. At the same time t ^?Bhfl^O Qion~5 it ^ are set into the lattice-like model. 

Placement element set placement optimization means 6 repeats placement improvement and assigns 
all of the above described placement elemen t ^setsj o optimum positions of the above described lattice-like 
model. The placement element set placement optimization means 6 generates a hew placement state by 
45 i nterchangin g positions of Q wo o7a^eTffe7T t- -efe^ selected, derives the evaluation function 

value H B before placement interchange and the evaluation function value H A after placement interchange by 
using equation. (6), and compare those evaluation function values H A and H B . If the evaluation function value 
H A after placement interchange is smaller than the evaluation function value H B before placement 
interchange, the placement state after placement interchange is adopted. If the evaluation function value H A 
50 after placement interchange is larger than the evaluation function value H B before placement interchange, 
the placement state before placement interchange is restored and defined as the current placement state. 

This placement interchange and evaluation of the evaluation function value H are repeated until the 
placement improvement is unrecognizable a predetermined number of times. It is thus possible to 
determine placement positions of all placement element sets while statistically approximating and evaluating 
55 the height of the wiring region which exerts a direct influence on the area. 

Set development means 7 then develops placement element sets, which are assigned to respective 
. ( lattice elements by the above described placement element set placement optimization means 6, and 
( determines placement positions of all placement elemen ts included in each pl acement element set. 
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By i nterchanging positions of<t^o gjacejinejj^ selected out of placement elements 

included in placement element sets, the set development means 7 generates a new placement state. The 
set development means 7 then derives the estimated total wiring length before placement interchange and 
the estimated total wiring length after placement interchange, and compares them. If the estimated total 
5 wiring length after placement interchange is smaller than the estimated total wiring length before placement 
interchange, the set development means 7 adopts the placement state after placement interchange and 
defines it as the current placement state. If the estimated total wiring length after placement interchange is 
larger than the estimated total wiring length before placement interchange, the set development means 7 
does not adopt the placement state after placement interchange but restores the placement state before 
io placement interchange and defines it as the current placement state. 

This placement interchange and evaluation of the estimated total wiring length are repeated until the 
placement improvement is unrecognizable a predetermined number of times. Placement positions of 

^ placement elements in the placement element set are thus determined. 

Fig. 6 shows a lattice-like model 8 used by the above described modeling means 5. In the model shown 
75 herein, cell rows are distinguished from the wiring region like standard cells and gate arrays. L1 to L3 
denote placement region lattice element royts. C1 to C4 denote wiring region lattice element rows. P11 to 
P35 denote placement region lattice elements whereto the above described placement element sets are 
assigned. R11 to R45 denote wiring region lattice elements. 

With reference to Fig. 7, placement element sets G1 to G15, which are collected by the above 
20 described placement element collection means 4 and which are somewhat different in area, are suitably 
assigned to placement region lattice elements Pt1 to P35 of the above described lattice like model 8. N11 
to N17 denote connection relations. By assigning the placement element sets G1 to G15 having different 
areas to the placement region lattice elements ' P11 to P35 of the lattice-like model 8 in one-to-one 
correspondence, it becomes unnecessary in placement improvement to consider the effect caused by 
25 difference in area. 

After all of the placement element sets G1 to G15 and wiring region lattice elements R11 to R45 are 
assigned to the lattice-like model 8 by the modeling means 5 as heretofore described, optimum placement 
positions of the placement element sets Gl to G15 in the lattice-like model 8 are determined by the 
placement element set placement optimization means 6. 
30 the placement optimization system aided by CAD according to the present invention generates a 
plurality of placement element se£s having close connection relations and nearly equivalent areas onJ£iB_. 
basis_of j:ircuit con ne^tiojiJuQf^^ including a plurality of cja cement elements , i.e., circuit elements, 
assigns those placement element sets to the lattice-like model, and determines placement positions of 
respective placement element sets on that lattice-like model. Therefore, it is not necessary to consider the 
35 * effect of difference in area among placement elements at the time of placement improvement, resulting in a / 
/ reduced computer cost. 

Fig. 8 shows An example of generation, inj gctangle generation means, of a rectangle used to set the 
degree C }j of wiring crowdedness into a wiring crowdedness region drvthlf basis of the extent of placement 
elements connected to one wiring. The evaluation function value H expressed by equation (6) is derived 
40 from the degree C,j of wiring crowdedness which is set by the rectangle. The above described rectangle is 
set on the basis of the assumption that a plurality of wirings interconnecting placement element sets and 
generating that rectangle pass through the above described rectangle. 

With reference to Fig. 8, N denotes connection relations caused by arbitrary wiring. GN1 to GN5 
represent placement elements having connection relations with respect to the connection relations N. 
45 RECTI to RECT3 denote rectangles generated from the extent of the placement element sets GN1 to GN5 
connected to wiring having connection relations N. RG1 to RG44 denote wjrin g region la tti ce elements 
included in the generated rectangles RECTI to RECT3. 

As for rectangle generation, the minimum rectangle RECTI including ail placement element sets (GN1 
in this example) existing in the highest placement region lattice row among placement region lattice rows 
so whereon placement element sets GN1 to GN5 connected to the wiring having connection relations N are 
present and all placement element sets (GN2 and GN3 in this example) existing in a second placement 
region lattice row is first generated. f In the same way, the minimum rectangle RECT2 including all 
placement element sets GN2 and GN3 existing in the seconcT~pTace7nent region lattice row and all 
placement element set GN4 existing in a third placement region lattice row is then generated. Finally, the 
55 minimum rectangle including all placemenfeTement set GN4 existing in the third placement region lattice 
row^ajnd^all^pjacement element set GN5 existing in a fourth placement region lattice row is generated. 

Thereafter, a predetermined value is set as the degeee of wiring crowdedness relating to wiring having 
connection relations N with the wiring region lattices RG1 to RG44 surrounded by all of. the generated 

0 - 
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rectangles RECTI to RECT3. 

Fig. 9 shows how the degrees of wiring crowdedness relating to wiring having the connection relations 
N set by rectangles, which have been generated as shown in Fig. 8, are set for respective wiring region 
lattice elements by using thick bar graphs. The degree of wiring crowdedness shown in Fig. 9 is expected 
to occur when wiring processing is actually performed with respect to the connection relations N. 
Processing heretofore described is performed with respect to all connection relations. 

The sum, with respect to all connection relations, of the degrees of wiring crowdedness set in wiring 
region lattice elements surrounded by a plurality of rectangles, which are generated from the state of extent 
of relating placement element sets by respective connection relations, is held in an accumulator cor- 
10 responding to each wiring, region lattice element. From the information of the degree of wiring crowdedness, 
the evaluation function value H is derived by using equation (6). Owing to the processing heretofore 
described, the height of each wiring region based upon the degree of wiring crowdedness, which is 
expected when wiring processing is actually performed, can be derived and evaluation directly coupled to 
the result of layout can be performed. 
75 The above described rectangle generation Is applicable to not only placement set elements but also 
individual placement element which are not collected . 

Since the placement optimization system aided by CAD of the present invention uses a plurality of 
rectangles generated from the extent of placement elements connected to each wiring, a state change can 
be sensed with a very high sensitivity at the time of placement improvement and the optimum placement 
20 can be derived efficiently. Further, by generating rectangles conforming to ^roygh wiring, placement results 
with high quality can be derived. 



55 



[EMBODIMENT 2] 

25 The processing flow in an embodiment of a placement optimization system according to the second 
aspect of the present invention is shown in Fig. 10. The placement optimization system comprises 
processing steps hereafter described. 

Input means 1 1 takes placement element shape information and circuit connection information into the 
system. Initial placement means 12 initially places all placement elements. Placement alteration means. 13 
30 moves and interchanges placement elements. Final area estimation means 14 calculates the area of the 
final layout estimated in the placement state and defines it as the evaluation function value. Alteration 
condition judgment means 15 judges a change between the evaluation function value before placement 
alteration and that after placement alteration. If an interchange condition is satisfied, the interchange is 
executed as it is. Otherwise, interchange cancel means 16 restores the state before interchange. 
35 • As shown in Fig. 11, the final area estimation means 14 comprises connection net extraction means 19 
for extracting a set {nj of all nets connected to placement elements altered in placement by the placement 
alteration means 1 3, ( wiring path determination means 20 for determining the shape of wiring path and 
expectation of wiring density expected in the final layout result with respect to a net nj which is an element 
of the above described net set {nj} extracted by the connection net extraction means 19, /wiring density 
setting means 21 for setting expectation of the above described wiring density into all wiring density 
accumulators through which the above described wiring path determined by the wiring path determination 
means 20 passes^fsubject net judgment means 22 for judging whether processing of the means 20 and 21 
has. been finished for all elements of the above described net set {nj or not/wiring region height estimation 
means 23 for estimating the height of the wiring region in the final layout result on the basis of setting' 
situation of the wiring density set into the above described wiring density accumulators, final width 
estimation means 24 for estimating the final. width of the layout in the final layout resulting, /and expected 
final area calculation means 25 for calculating the area of the final layout result expected from the above 
^described height of the wiring region and the above described final width. 

Principal means included in the final area estimation means 14 will hereafter be described in detail. 
In the wiring path determination means 20, the shape of the wiring path and the expectation of the 
wiring density for the subject^ net ^re determined. Processing performed in the means 20 ^wMI now be 
described by referring to Figs. 3 tob. />*A / 

First, on the basis of the' placement state at the time of execution of processing, phase relationship of 
placement elements connected to the net to be processed can be derived. If the wiring""patfi is implemented 
with the shortest distance, the shape of the wiring path is roughly divided, on the basis of positional 
relations of a placement element 31, into a. portion of a fixed wiring path . 32 having a path uniquely 
determined and a partial wiring path of a s tochastic wiring pa th 33 stochastically expected to be passed 
through. In case the wiring path is thus implemented with the shortest distance, the pattern of wiring path is 
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uniquely determined with respect to the position relations of placement elements connected to the net as 
exemplified in Figs. 13A1 ot 13B24. 

That is to say, in case the number of placement elements connected to the above described net is two, 
there are four kinds of partial path patterns as shown in Figs. 13A1 to 13A4. In case the number of 
placement elements connected to the above described net is three, there are 24 kinds of partial path 
patterns as shown in Figs. 13B1 to 13B24. 

Further, in case the number of placement elements connected to the above described net is four or 
more, the shape of the above described wiring path -is determined, on the basis of positional relations of 
placement elements 31, by a combination of a fixedjA«mig path 32 and stochastic paths 33 stochastically 
io expected to be passed through as exemplified in(Rg. 14/)The shape of the wiring path shown here is based 
upon the assumption that the wiring path is determTrTeUby the shortest distance in rough wiring processing 
for determining the path to be passed through by wiring after the placement processing. In case the wiring 
path is determined by criteria oihej^thanijhe^ in the above described rough wiring 

processing, it is more efficient to determine the shape of wiring path by considering the criteria of the rough 
4*5 wiring processing. 

Figs. 15 to 17 show examples of expectation of the degree of wiring crowdedness. or more generally 
wiring density in each of the above described partial wiring, path. Expectation 51 of a fixed wiring path 32 
shown in Fig. 15 is 1.0. As expectation 52 of a stochastic wiring path 33 shown in Fig. 16, a value which is 
in inverse proportion to the area indicated by the above described stochastic wiring path is determined. In 
20 the example, a value 0.3 has been chosen. 

Fin accordance with the method heretofore described, the shape of the above described wiring path and 
the expectation of wiring density in each partial wiring path are determined for each net by considering the 
wiring path in the final layout. As a result, the area "of the final layout estimated by using the above 
described wiring density can represent the actually obtained layout result with high precision.' 
25 °n the basis of the shape of wiring path and.-the expectation of the wiring density determined by the < 
above described wiring path determination means 20, the wiring density setting means 21 sets a wiring 
density relating to the subject net again. Fig. 17 shows an example wherein a wiring density accumulator is 
set into the wiring region and the wiring density relating to one net is set into a wiring density accumulator 
53. Into wiring density accumulators located on the fixed wiring path,. expectation 51 (with a value of 1.0) of 
30 wiring density for the fixed wiring path is set. Into wiring density accumulators located on the stochastic 
wiring path, a wiring density 52 (with a value of 0.2) for the stochastic wiring path is set. In case the wiring 
density relating to the net is set again, the expectation of wiring density before placement alteration is first 
subtracted from the contents of the wiring density accumulator. After the placement alteration has been 
performed, the expectation of wiring density after placement alteration is added to the contents of the wiring 
35 density accumulator. If the above described wiring density is set again with respect to all nets extracted by 
the connection net extraction means 19, distribution of wiring densities relating to all nets in the placement 
state at that point of time can be obtained by detecting the wiring density set in the wiring density 
accumulator. 

In the processing of the above described means 20, 21 and 22, wiring densities relating to all nets are 

40 stored into wiring density accumulators. In the wiring region height estimation means 23, the height of each 
wiring region is then estimated on the basis of the distribution of wiring densities set into the above 
described wiring density accumulators. 

In this processing, the height of the wiring region is estimated by representing the distribution of wiring 
density in each wiring region statistically. To be exact, the height of the wiring region is determined by the 

45 maximum value of the wiring density in each wiring region. In case evaluation is performed in local items 
such as the maximum value of the above described wiring density, however, improvement is advanced only 
in such a direction that the maximum wiring density is lowered. General improvement in other portions 
cannot be expected. That is to say, there is a danger of falling into a local solution. In the wiring region 
height estimation means 13, the entire wiring region can be generally watched, by handling the distribution 

so of wiring density statistically. In placement improvement, therefore, efficient improvement which does not 
fall into a local solution can be anticipated. 

i Fig. t8 shows the distribution of wiring density expected in an arbitrary wiring region FL It is supposed 

now that the distribution of wiring density in each wiring region conforms to normal distribution. For a large- 
scale problem, it is considered that the frequency distribution becomes normal distribu tion as shown in Fig. 

55 18. With reference to Fig. 18, solid line <C> represents the average value of wiring density in the above 
described wiring region R, and o c represents the standard deviation value of wiring density in the above 
described wiring region R. A shaded portion \ c represents a region of distribution of wiring density C 
satisfying the relation C < <C> + u • a c when the coefficient of o c has an arbitrary value u. As shown in Fig. 
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18, relationship between u in the shaded portion and the quantity of contained distribution is the same as~^ 
that of Fig. 4. The height H of the wiring region is expressed as H = h (<C> + u ■ a c ). This equation is 
obtained by expressing the distribution of wiring density ; statistically and approximating the height of the 
wiring region. Character h is a coefficient relating the wiring density to the height of the wiring region. The 
5 height H of the wiring region can be derived by 

H « h • {<C> + u • (<C> 2 - <C 2 >) 1/2 } (7) 
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where <C 2 > is the average value of square of the wiring density C in the wiring region. 

" " Final width estimation means 24 estimates the width in the final layout result on the basis of the 

distribution staid-etjength of the placement region. In case placement regions are arranged in a row form 
as shown iiifRg. 19^hd wiring 74 passing over placement region which Strides over a placement region row 

75 71 is to be ioTptSmented, the above described wiring 74 passing over placement region must use a wiring 
passage region prepared beforehand in a placement element on the placement region rowJPI which is ^ 
stridden over by the above described wiring 74, or a wiring passage provision 73 for passing wiring must be / 
added. In case there exists wiring 74 passing over placement region which cannot be absorbed' by the 
above described wiring passage region prepared beforehand in each region among the wiring densities 

20 stored into wiring density accumulators on the placement region by the above described wjring density 
setting means 21, as many wiring passage provisions 73 as the above described wirings passing over 
placement region which cannot be absorbed by the above described wiring passage regions are ad ded, and 
the sum of the sum total of lengths of the above described added wiring passage provisions 73 and the 
sum total of lengths of placement elements on the above described placement region is regarded as the 

25 length of the above described placement region, row 71. By expressing the distribution of width in the 
desired final layout statistically on the basis of situation of distribution of lengthsjtf all placement region 
rows calculated as heretofore described, the width in the final layout is estimated^FfgH^shows distribution 
of lengths of all wiring region rows. It is supposed now that the distribution of lengths of the above 
described placement region rows conforms to noj7TjaLdi§!n^ti° n - With reference to Fig. 20, solid line <W> 

30 represents the average value of lengths of the above described placement region rows whereas X w denotes 
the standard deviation value , of lengths of the above described placement region rows. A shaded portion X w 
indicates a region of distribution of the length W of placement region rows satisfying the relation W < <W> 

^jj>v • a w when the coefficient of a w has an arbitrary value v. 

The expected final area calculation means 25 calculates the area of the expected final layout by using 

35 the height of the -above described wiring region estimated by the above described placement region height 
estimation means 23 and the width of the above described final layout estimated by the above described 
final width estimation means 24. _ 
As heretofore described, the final area estimation means 14 calculates the area of final layout expected 
in each placement state and defines it as the evaluation function value. Placement improvement is 

40 performed while evaluating the above described evaluation function value beforehand after the placement 
alteration in the above described alteration condition judgment means 15. As a result, the layout result of 

the minimum area can be obtained. 

In order to describe Jhe, pj^senHn vention con ogteJbkJhg processing method will now be described by 
referring to thdC exarg plfl of Tahiejjsed i n the embodiment O 

45 In the present problem as well, it is jooyt assumed that all terminals possessed by placement elements 
are located on the same plane and wiring is implemented on one side of placement elements. 

As the wiring result satisfying the circuit connection information shown in Table 1, the wiring of(£ig. 2)s 
obtained as an example in the same way as the embodiment 1 . 

If a wiring density accumulator is set on each terminal in the result of placement and wiring shown in£ 

50 and wiring densities are set for ail nets, the same result as^njjTJP is obtained. Since the wiring 

implemented now passes always through only one wiring region, the shape of wiring path for all nets 

becomes that shown in Fig. 13A1 and all expectations of the wiring density become^J_or 0^. 

" Since wiring passing over the placement region is noJjDresent and only one wiring region is present, the ji 
width of the final layout is uniquely determined by the . length of the placement region which is singly 

55 present in the present layout. By starting with the above described initial placement state, repeating the 
placement alteration, setting wiring densities again on all such occasions, estimating the height of the wiring 
region on the basis of distribution of wiring densities set in wiring density accumulators, defining the 
expected area of the final layout as the evaluation function value, evaluating the difference between the 
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evaluation function value after placement alteration and the evaluation function value before placement 
alteration, and continuing placement improvement so as to minimize the evaluation function value, the 
layout result with the minimum area can be obtained. 

In accordance with the present invention, the area of the final layout is directly evaluated and a single 
item, i.e., the area is evaluated by estimating the area of the final layout, defining it as the evaluation 
function value, and performing placement improvement so as to minimize the above described evaluation 
function value in the above described configuration. Therefore, the labor of defining optimum values of a 
plurality of coefficients in an evaluation function for determining evaluation weights of items to be evaluated 
with respect to the circuit scale is saved, and such placement positions of placement elements as to 
minimize the final area can be determined. 

Further, by estimating the height of the wiring region on the basis of wiring densities relating to all nets, 
estimating the width of the final layout result on the basis of distribution of length of the wiring region, and 
defining the estimated final area calculated from the above described wiring region height and final width as 
the evaluation function value of placement improvement, placement situation can be evaluated on the whole. 

Further, by determining the shape of wiring path of the above described net and expectation of wiring 
density in a partial path included in the above described wiring path on the basis of positional relationship of 
placement positions of placement elements connected with respect to each net, detection of wiring density 
reflecting the wiring path in the final layout result with high precision becomes possible. 

Further, by adding the expectation of the above described wiring density to contents of the wiring 
density accumulator set in the wiring region passed by the above described wiring path, it becomes easy to 
handle the placement optimization in a computer. 

Further, by approximating the distribution of wiring density stochastically and estimating the height of 
wiring region, the height of the wiring region can be expressed on the whole on the basis of situation of 
wiring distribution. 

Further, by estimating the final width on the basis of distribution of length of the placement region with 
due regard to the number of wiring conductors passing over the placement region, it is possible to estimate 
the final width reflecting the final layout result more intensely. 

[EMBODIMENT 3] 

30 

The processing flow of an embodiment of a placement optimization system according to the third 
aspect of the present invention is shown in Fig. 21 . 

The placement optimization system comprises the following processing steps. 

Input means 11 takes the placement element shape information and circuit connection information into 
35 the system. On the basis of .the above described placement element shape information and the above 
described circuit connection information inputted by the above described input means 11, placement 
element collection means 26 generates placement element sets so that the connection relationship may 
become close and the sum total of areas of ail placement elements collected into respective sets may . 
become equivalent and defines each of the above described placement element sets as a new placement 
40 ^e lement. " 

Modeling means 27 assigns placement elements newly generated by the above described placement 
collection means 26 to placement region lattice elements of a lattice model. 

Placement alteration means 13 interchanges placement elements assigned to the lattice model. At this 

time, the placement region of each placement element is secured on the lattice model, and collection is 
45 performed by the above described placement element collection means 26 so that areas of placement 
element sets may beco me e qual. Therefore, it is possible to suppress the influence of placement alteration 
on placement positions of other placement elements and the influence of wiring density relating to the net 
connected to placement elements other than the placement elements which has undergone placement 
interchange to the minimum. 

50 Rnal area estimatjpj]j]neans_1 4 calculates the area of the final layout estimated in. that placement state 

and defines it as the evaluation function value. Alteration condition judgment means 15 judges the change 
between the evaluation function value before piacement change and that after placement change. If a 
predetermined interchange condition is satisfied, the interchange continues to be executed. Otherwise, 
placement alteration cancel means 16 restores the state before interchange. End condition judgment means 

55 17 judges whether a predetermined end condition is satisfied or not. If the end condition is not satisfied, the 
processing is returned to the placement alteration means 1 3*. 

If the end condition is satisfied, processing is advanced to placement element set development means 
28, which develops placement elements at the time of input included in each placement element set. Output 
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means 18 outputs placement position information, processing being thus finished. 

A lattice model used in the modeling means 27 in another embodiment of the present invention is 
identical with the lattice model 8 o CR^j^ 

An example of appropriate assignment of placement element sets G1 to G15 having somewhat different 
5 areas collected by the placement element collection means 26 to the elements P11 to P35 of the above 
described lattice model can be expressed in the same way as/FigT£> 

After all placement element set lattice element set lattice^elements and wiring region lattice elements 
are thus assigned to lattice model elements by the modeling means 27, optimum placement positions of 
placement element sets on the lattice model are determined. _^ 
io Placement element set development means 28 of Fig. 21 develops the placement element set and 
determines placement positions of placement elements at the time of input included in the above described 
placement element set. In order to obtain a better placement state of placement element level, placement 
elements included in the above described placement element set are rearrang ed at this time. Further, if the 
placement elemeht^V42Jncluded in a placement element set G assigned to a placement region lattice J 44 
75 on the above described lattice model is so deyelpped as to jump over the placement region lattice 144 on 
the basis of the placement state as shown ir\feg72^a problem caused by falling into a local solution when 
collecting placement elements in the above described placement element collection means 26 can be 

solved. 

In the present embodiment, placement elements having close connection relations are so collected that 
20 the sums of areas of all placement elements included in the placement element set may be equivalent. By 
defining the above described placement element set as a new placement element, placement improvement 
is performed on the lattice model. As a result,- the number of placement elements to be improved in 
placement can be reduced. Further, at the time of placement alteration, c omputer ^c os^-^aused by 
interchange of placement elements which are different in width can be reduced. _^ 
25 Further, by assigning placement element sets to placement region lattice in the lattice mode and 
performing placement interchange between placement region lattices, the influence of placement alteration 

on< other placement elements can be removed. 

Further, by setting a wiring density accumulator for each wiring region lattice in the lattice model, the 
wiring density can be detected on the whole. , 
30 Further, by developing the placement element set assigned to each placement region lattice and 
redetermining the placement positions of placement elements included in the above described placement 
element set, better placement positions of placement element level can be determined. By determining 
placement positions across a placement region lattice, the problem of performing such collection as to 
cause a local solution in the placement element collection means can be solved. 

35 

Claims 

1. A placement optimization system aided by CAD comprising: 
40 input means (1) for inputting circuit connection information including a plurality of placement 

elements; 

placement optimization means (2) for optimizing placement positions of placement elements by 
evaluating the height of a wiring region statistically approximated from the distribution of the degree of 
wiring crowdedness Set on the basis of said circuit connection information and by performing repetitive 
45 improvement; and 

output means (3) for outputting placement position information derived by said placement optimiz- 
ation means. 

2. A placement optimization system aided by CAD according to Claim 1, said placement optimization 
so means (2) comprising: 

placement element collection means (4) for collecting a plurality of palcement elements having 
close connection relations in circuit connection information into a plurality of placement element sets, 
the sets having equal areas; 

modeling means (5) for modeling placement element sets and wiring region lattices derived by said 
55 placement element collection means into lattice-like models; 

placement element set placement optimization means (6) for determining optimum placement 
positions in lattice-like models of all placement element sets by repeating placement improvement on 
the basis of connection information between said placement element sets, and 
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set development means (7) for opening said plurality of placement element sets and for determin- 
ing placement positions of all placement elements forming respective placement eflement sets. 

3. A placement optimization system aided by CAD according to Claim 1 or^r-^hgr^insaid placement 
5 optimization means (6) generates a plurality of rectangles by considerin^rough wiringjoh the basis of 

extent of placement elements or placement element sets connected to^ach wiring on the basis of 
circuit connection information, arid said placement optimization means sets the degree of wiring 
crowdedness oh the basis of said plurality of rectangles. 

to 4. A placement optimization system aided by CAD for optimizing placement positions of placement 
elements in a circuit including mutually related placement elements, said placement optimization 
system comprising: 

input means (11) for inputting circuit connection information including a plurality of placement 
elements and shape information of said placement elements; 
7 5 initial placement means (12) for initially placing said placement elements; 

placement alteration means (13) for moving and interchanging said placement elements and for 
. locally altering the placement positions; 

final area estimation means (14) for calculating, on the basis of a placement state at each time of 
placement alteration, area of a final layout result expected in said placement state and defining the 
20 calculated area as an evaluation function value; 

alteration condition judgment means (15) for evaluating the difference between said evaluation 
function value calculated by said final area estimation means before said placement alteration and that 
after said placement alteration and thereby judging satisfaction of a given placement alteration 
condition; 

25 placement alteration cancel means (16) responsive to nonsatisfaction of said alteration condition in 

said alteration condition judgment means to cancel said placement alteration and restore the placement 
state and the. evaluation function value to the state before said placement alteration; and 

end condition jugment means (17) for judging satisfaction of a given end condition, said end 
condition judgment means being responsive to satisfaction of said end condition to cause processing 

30 advancement to output means for outputting placement position information of said placement elements 
and responsive to nonsatisfaction of said end condition to cause return to said placement alteration 
means. 

5. A placement optimization system aided by CAD according to Claim 4, said final area estimation means 
35 (1 4) comprising: . 

connection net extraction means (19) for extracting all nets connected to placement elements 
altered in placement; ^-^^-^ J ? 

wiring path determination means (20) for determining th^lshapeplf wiring paWarta expectation of 
wiring density with respect to each of the nets extracted by saifrxcfinnection net extraction means; 
^0 wiring density setting means (21) for setting expectation of said wiring density into the wiring path 

determined by said wiring path determination means; wiring region height estimation means (23) for 
estimating the height of the wiring region in the final layout result on the basis of said placement state 
expected, from the distribution state of wiring density in each placement state; 
; final width estimation means (24) for estimating width of said final layout result expected from said 

45 placement state; and 

expected final area calculation means (25) for calculating the area of the final layout result on the 
basis of the wiring region height estimated by said wiring region height estimation means and said 
expected final width estimated by said final width estimation means. 

so 6. A placement optimization system aided by CAD according to Claim 5, wherein on the basis of 
positional relations of placement positions of all placement elements connected to respective nets, the 
wiring path determination means (20) classifies expected wiring paths according to the number of 
placement, elements connected to said net and shape representing said placement positional relations 
and determines the shape of a wiring path including a fixed wiring path and a stochastic wiring path • 

55 relating to said net in the final layout result and expectation of wiring density in each of partial paths 

included in said expected wiring path. 

7. A placement optimization system aided by CAD according to Claim 5, said wiring density setting 
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means (21) provides wiring density accumulators in the wiring region and adds the expectation of 
wiring density relating to said net to contents of all wiring density accumulators provided on wiring 
paths passed by the expected wiring path determined by said wiring path determination means. 



8. A placement optimization system aided by CAD according to Claim 5, wherein on the basjs of 
distribution situation of wiring density set in said wiring density accumulators for ail nets, said wiring 
region height estimation means (23) calculates the height of wiring region by handling said wiring 
density distribution statistically and calculates the height of final layout result expected in that 
placement state. 

9. A placement optimization system aided by CAD according to Claim 5, wherein said final width 
estimation means (24) calculates the width of the final layout result statistically on the basis of 
dis tribution of wiring region length. 

is 10. A placement optimization system aided by CAD for optimizing placement positions of placement 
elements in a circuit including mutually related placement elements, said placement optimization 
system comprising: 

input means (11) for inputting circuit connection information including a plurality of placement 
element and shape information of said placement elements; 

20 placement element collection means (26) for generating placement element sets by collecting 

placement elements having close connection relations in said circuit connection information so as to 
make areas of resultant sets nearly equal each other, for defining the resultant placement element sets 
as new placement element sets, for generating circuit connection information relating to said placement 
element sets, and for defining the circuit connection information as new circuit connection information; 
25 modeling means (27) for assigning placement elements to placement region lattices of a lattice 

model including placement region lattices and wiring region lattices; 

placement alteration means (13) for interchanging placement elements on the lattice model to 
perform local placement interchange; 

final area estimation means (14) for calculating, on the basis of the placement state at each time of 
30 execution of placement alteration, the area of a final layout result expected in said placement state and 
for defining the area thus calculated as an evaluation function value; 

alteration condition judgment means (15) for evaluating the difference between said evaluation 
function value calculated by said final area estimation means before said placement alteration* and that 
after said palcement alteration and for judging, on the basis of the result of difference evaluation, 
35 necessity of placement alteration; 

placement alteration cancel means (16) responsive to no n satisfaction of said alteration condition in 
said alteration condition judgment means to cancel said placement alteration and restore the placement 
state and the evaluation function value to the state before said placement alteration; 

end condition judgment means (17) for judging satisfaction of an end condition, said end condition 
40 judgment means being responsive to satisfaction of the end condition to cause advancement to 

succeeding processing and responsive to nonsatisfaction of the end condition to cause return to said 
placem ent alteration means; 

placement element set development means (28) for opening all placement element sets assigned 
to respective placement region lattices of said lattice model and for determining placement positions of 
45 all placement elements at the time of input included in each placement element set; and 

output means (18) .for outputting placement position information. 



11. A placement optimization system aided by CAD according to Claim 10, wherein said final area 
estimation means eliminates in fluence of interchange on. other placement element sets by interchanging 
50 placement element sets assigned to said placement region lattices in the lattice model, between said 

placement region lattices. 



12. A placement optimization system aided by CAD according to Claim 10, wherein said final area 
estimation means (14) representatively detects wi nnq densit y by setting a wiring density accumulator 

55 for each of said wiringxeqion lattices in the lattice model. 

13. A palcement optimization system aided by CAD according to Claim 10, wherein said placement 
element set development means develops placement element sets assigned to placement region 
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lattices of said lattice model and determines placement positions of all placement elements included in 
said placement element sets. 
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